Dysdifferentiation hypothesis of aging and cancer: a comparison with the membrane hypothesis of aging.
Our laboratories have been testing the basic concept that the age-dependent deterioration of the molecular components of living systems may be due in part to the biochemical effects of active oxygen species. The dysdifferentiation hypothesis of aging and cancer (DHAC) as well as the membrane hypothesis of aging (MHA) are discussed and compared to each other. These two hypotheses consider cellular mechanisms through which free radical-induced alterations may lead to the aging process. DHAC emphasizes the importance of the instability of the differentiated state of cells and how active oxygen species may interact with the genetic apparatus of cells, leading to improper gene regulation. The evidence supporting this hypothesis includes an age-dependent increase in the expression of specific genes that normally are expected to be repressed. Such evidence now includes the c-myc oncogene as well as an age-dependent decrease in the average methylation level of the entire genome in liver tissue of mice. The central concept of DHAC is that aging is a result of gene regulatory instability and that lifespan is governed by mechanisms acting to stabilize proper gene regulation. MHA is based on the concept that all cellular components are exposed to free-radical attacks, and that the damaging efficiency of the radicals is density-dependent. Compact structures like membranes are consequently more susceptible to damage than cytosolic components. In addition, the cell plasma membrane is exposed to another damaging effect called residual heat damage, which is due to the depolarization-induced discharge of the membrane during the action potential. MHA predicts that a key process of normal differentiation as well as aging is a continuous, age-dependent loss of the passive permeability of the cell membrane for potassium and probably also for water. This is due to a constant difference between the rates of damage and replacement of the membrane components and results in a gradual dehydration of the intracellular mass from the embryonic state to the aging state. The increasing intracellular density will eventually become rate-limiting for many different cellular functions, resulting in the cessation of growth and the beginning of aging. MHA also predicts an overall decrease of gene expression and protein turnover rate during aging. Pharmacological interventions on the cell membrane have supported the validity of MHA and have indicated specific mechanisms of how aging and dysdifferentiation may occur.